





not just for the copybit 


Design by T. Giesberts 


This circuit can be included in every S/PDIF link between two digital audio 
devices (CD player, DVD player, CD recorder or MD recorder). Besides 
allowing the notorious copybit to be modified, it can be regarded as a sort 
of universal processor for digital audio signals. 
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The circuit described here is exclusively intended to be used for the digi- 


tal recording or processing of personal musical works. The editorial staff 


dissociate themselves from any unlawful use of this circuit involving the 


infringement of copyrights resting on audio media such as CDs, MDs or 


DVDs. 


Modern copy protection systems, such as Cactus Data Shield, SafeAudio 


and Key2Audio, generally exploit the characteristics of the drive and thus 


cannot be affected by the circuit described here. 


Unlike a similar circuit design previ- 
ously published in Elektor Electron- 
ics, this new design is thus truly 
more than just a ‘copybit killer’. Nat- 
urally, this application is the key fea- 
ture here — certainly since we have 
become aware that the DVD Serial 
Copy Management System often 
makes it impossible to make the per- 
mitted single copy. For audiophiles 
who want to compile and process 
their own versions of digital audio 
signals, the copybit is thus always a 


Table I. 


The default settings of all the 
switches and jumpers. 


SI: SI-I OFF 
S1-2 OFF 
S1-3 ON 
S1-4 OFF 

$2: $2-| OFF 
$2-2 OFF 
$2-3 ON 
$2-4 N.C. 


$3: S3-1 OFF 
$3-2 OFF 
$3-3 OFF 
$3-4 OFF 
$3-5 OFF 
$3-6 OFF 
$3-7 ON 
$3-8 OFF 


S4: $4-1 ON 
S4-2 OFF 
S4-3 OFF 
S4-4 OFF 


JPI: coax 

JP2: 256 

jumper 
7-8 jumper 


9-10 jumper 
11-12 jumper 


6/2002 Elektor Electronics 


major hindrance. However, the cir- 
cuit described here has more to offer. 
For instance, the audio data can also 
be processed, possibly using a DSP 
and the circuit can also convert a 
coax signal to an optical signal and 
vice versa, which is a handy extra 
feature that makes this device quite 
a bit more universal in use. 


As far as manipulating the digi- 
tal data is concerned, we can note 
up front that not only is it possible 
to modify the copybit, it’s also pos- 
sible to replace nearly the complete 
content of the channel status register 
(which includes the copybit). Only 
the data related to the sampling 
rate, emphasis and word length are 
always passed through unchanged. 
The user bit and validity bit can also 
be modified. With the user bit, by 
the way, the most that can be con- 
templated is to totally clear the bit. 
Since both channels are used in the 
consumer format, the total user-bit 
data stream amounts to 
88,200 bits/s for a CD. 


The most important task of this 
circuit is to modify the channel sta- 
tus bit, which involves separate bits 
for subframes 1 and 2. However, in 
practice the same information is 
placed in both data blocks. Most 
receivers usually check only one of 
the two subframes, so the received 
data for the two subframes are set 
or modified identically. The only lim- 
itation of this circuit is that the mod- 
ifications are made per channel sta- 
tus block (192 frames), since the 
user channel data is not tied to the 
size of this block. For more informa- 
tion, you are referred to the con- 
sumer format specification IEC 
60958-3. The validity bit is also pre- 
sent in each frame and can be mod- 
ified, should this be desired. 


Design 


The design of this circuit has intentionally 
been kept as universal as possible in order to 
provide avid experimenters a broad range of 
options. Readers who always take a quick 
peek at the full schematic (Figure 3) will have 
noticed that although the schematic is rea- 
sonably extensive, most of it is contained in 
a limited number of ICs. At the risk of over- 
simplifying things, we could say that the cir- 
cuit consists of an integrated S/PDIF receiver 
(IC1) and an integrated S/PDIF transmitter 
(IC2) with a binary counter (IC6) and an 
EPROM (ICQ) fitted between them (between 
the channel status outputs CI, UI and VI of 
IC1 and the channel status inputs VO, CO 
and UO of IC2). The EPROM can be regarded 
as the actual heart of the circuit. A four-way 
DIP switch for the address inputs of the 
EPROM allows 16 different tables to be 
selected. The default settings of the four DIP 
switches to enable the circuit to function as 
a copybit killer are listed in Table 1. Presently 
only the first three tables are used. 


S/PDIF receiver and transmitter 


For IC1 and IC2 we have selected a set of 
standard Crystal ICs (www.cirrus.com), con- 
sisting of a CS8412-CP receiver and a 
CS8402A-CP transmitter. Thanks to these ICs, 
the circuit is suitable for use with sampling 
rates ranging from 32 kHz to 48 kHz. We have 
used these two ICs fairly often in past pro- 
jects, so for more detailed information about 
them we refer you to the manufacturer’s data 
sheets and the articles ‘Digital VU Meter’ 
(April 1996) and ‘Sampling Rate Converter’ 
(October 1996). Here we can suffice with a 
brief description. 

The CS8412 is a CMOS IC specially 
designed for receiving and decoding audio 
data in the usual standard formats (AES/EBU, 
IEC958, S/PDIF and EIAJ CP340). This IC, 
which has been given the handsome name 
‘digital audio interface receiver’ by its maker, 
receives the signal via an RS422 serial inter- 
face and derives the clock and synchronisa- 
tion signals from the received signal. There is 
support for 256x oversampling, since the 
clock frequency of the output signal is 256 
times the frequency used for sampling. 

The audio and digital information is also 
demultiplexed in an effective manner. The 
CS8412 demultiplexes the channel, user and 
validity data directly to the serial outputs, 
with dedicated pins for the most important 
channel status bits (C, U and VERF). The 
audio data are output via a special serial 
audio port that supports 14 formats. The data 
are available on the SCK, FSYNC and SDATA 


33 





CS8412 


VD+ DGND VAt 
O 










RXR | a RS422 
RXN O Receiver 





CS12/ SEL 


FCK EO Ei E2 E3 


FILT AGND MC 
O 


O O Ome Oe) 
Pee a! 
are 
© 
Clock & Data 
Recovery 


M3 M2 M3 M4 





CO/ Ca/ Cb/ Cc/ Cd/ Ce/ ERF CBL 
F1 F2 950098- 13 


Figure |. Block diagram of the S/PDIF receiver CS8412. 


(H)PRO FCO FC1 C2 C3 C8 C9 C15 
(L)PRO C1 TRNPT C6 C7 EM1EMO C9 






* professional mode only 


Biphase 


Mark Line ry TXP 
Driver 
l Encoder e O TXN 
ee 16 
Q RST 


CBL MCK 


960093 - 13 


Figure 2. Block diagram of the internal structure of the CS8402A. 


pins, and these output pins can be configured 
using the four control pins MO-M3. As can be 
seen in the schematic diagram, in our case a 
four-way DIP switch (S1) is connected here 
for this purpose. Figure 1 shows a simplified 
block diagram of the CS8412. 

Next we have the CS8402A, a ‘digital 
audio interface transmitter’. As you have 
doubtless already guessed, this IC is spe- 
cially intended to be used to encode and 
transmit audio data in accordance with the 
previously mentioned interface standards. It 
allows the values of the most important chan- 
nel status bits to be set using seven inputs. 
These can be seen at the lower left of the 
internal block diagram of the IC (Figure 2). If 
you look again at the full schematic diagram in 
Figure 3, you will see that they can be set 
using an eight-way DIP switch (S83). All seven 
inputs also have dual functions, depending 
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on the state of pin 2 (PRO). This 
input (which can be switched using 
S3-8) determines whether the IC 
operates in the ‘professional’ or ‘con- 
sumer’ mode. In both cases, the 
audio data are encoded using the 
associated applicable standard. In 
the professional mode (S3-8 open), a 
CRC code can also be generated 
(channel status bit 23), as indicated 
by the dashed outline in the block 
diagram. 

The serial input (pins 6, 7 and 8) 
can process seven different formats 
and audio samples with lengths of 
16 to 24 bits. The format can be 
specified using MO, M1 and M2, and 
in Figure 3 you can see that here 
again we use a DIP switch (S2) for 
this purpose. The serial inputs for 


channel status (C), user data (U) and 
validity (V) are connected to the 
EPROM (IC7) via several gates (IC8 
& ICY) - we'll say more about this 
shortly. 

Figure 3 also shows that the sym- 
metrical TXP/TXN output of the 
CS8402A is converted into two stan- 
dard S/PDIF outputs K3 and K4 
(0.5 Vpp / 75 Q) using a (home-made) 
transformer Tr1. The electrical isola- 
tion provided by the transformer has 
the additional advantage of prevent- 
ing earth loops. An optical output is 
also generated using IC4. 


Juggling bits 


Using jumper JP1, you can select 
whether the coax input signal or the 
optical input signal is to be fed to the 
receiver. Beside the audio data, IC1 
also decodes the U, C and V bits. 
The VERF output represents the 
received V bit OR’ed with the inter- 
nal error flag ERF, which is active in 
the event of a parity error, biphase 
coding violation or unlocked PLL 
receiver. An active V bit means that 
there is something wrong with the 
associated audio sample, in which 
case the data can be muted by the 
DAC or recorder. These three bits are 
connected to a number of gates (IC8 
/ IC9), by means of which four states 
can be defined for each bit. For each 
frame (using the same option for 
each subframe), each bit can be sent 
to the transmitter unchanged, 
inverted, as a fixed ‘0’ or as a fixed 
‘1’. An OR gate, an XOR gate and 
two data bits from the EPROM are 
used to generate each of these four 
combinations: D0/D1 for the channel 
status bit, D2/D3 for the user chan- 
nel bit and D4/D5 for the validity bit. 

As an example, let’s look at the 
combinations of D0/D1 for the C bit. 
With the combination 0/0 (no 
change), CI is passed through 
unchanged by the OR gate (IC8a) 
and the XOR gate (IC9a). With 1/0 
(constant ‘1’), there is a ‘1’ at the out- 
puts of both gates. With 0/1 
(inverted), CI is passed through by 
the OR gate but inverted by the XOR 
gate. Finally, with 1/1 (constant ‘0’) 
there is a ‘1’ at the output of the OR 
gate, which is inverted by the XOR 
gate. 

The outputs of the gates are con- 
nected to the transmitter inputs hav- 
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ing the same designations. In order 
to be able to use these bits, the 
transmitter must be set to the pro- 
fessional mode (83-8 open = OFF) 
and also be switched into transpar- 
ent mode (S3-7 closed = ON). The 
rest of S3 then no longer has any 
function. 

An eight-bit binary counter with 
an output register (IC65, a 74HC590) 
is used to address the EPROM. The 
counter is clocked by the inverted 
frame synchronisation signal FSYNC. 


+5V +5V 
© 
S/PDIF 
c7 
D 1L2 — 
ica ! 100 | 25V 
TORXÄTS lazun 4x BAT85 





D1 
D2 @ 


Since the output register is clocked 
by the master clock MCK, the 
address for the next frame only 
becomes active after the transmitter 
has already latched the second 
(right-channel) subframe (the delays 
of the XOR, counter and EPROM also 
contribute to the timing). The ‘chan- 
nel status block start’ output (CBL) 
is used to synchronise the counter 
with to channel status block. A dif- 
ferentiator network composed of 
R20/C16, T1 and R21 generates a 
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reset pulse that is applied to the counter clear 
input of the counter to cause it to resume 
counting from zero (after 192 frames). Since 
the transmitter CBL pin can also sometimes 
be an output, depending on the mode, R22 is 
inserted in this lead to prevent any problems 
from occurring. 


EPROM data 


The most important aspect of the circuit is 
determining the data for the EPROM. For this 
we need to know the composition of the 
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Figure 3. The circuit is designed to be as universal as possible. 
Practically every possible modification can be realised using the four DIP switches. 
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channel status block. Table 2 shows the con- 
tent of this block for the consumer mode, with 
brief explanations of the various bits in 
Table 3. Finally, Table 4 shown what the 
channel status block looks like after having 
been processed by the circuit in the default 
configuration (the second table in the 
EPROM). In the last of these tables, ‘INP’ 
means the original bit in the input signal 
(INPUT). ‘DAT’ has been chosen as the cate- 
gory code, since this gave the fewest prob- 
lems in past experience. The rest is self- 
explanatory. 

If we translate the individual bits in 
Table 4 into the bit combinations for the 
EPROM, this (in combination with the choice 
of U and V bits) yields the data for the 
EPROM shown in Table 5 (msb/Isb: U = 00, 
1> 01,0 >11). 

Table 5 is incorporated in the EPROM as 
the second table (S4-1 ON). The first table 
(84-1/2/3/4 OFF) allows all data to pass 
unchanged, for which all data bits in the 
EPROM are ‘0’. As a small extra, there is also 
a third EPROM table (S4-1/3/4 OFF, S4-2 ON) 
that makes the validity bit always ‘1’. How- 
ever, we have not tested any recorder that 
refused the data on this account (the data are 
otherwise the same is with the second 
EPROM table). If you have the necessary 
tools, you can experiment using the remain- 
ing 13 tables of he EPROM. 


Extra feature 


As can be seen from Figure 3, the audio data 
pass from the receiver to the transmitter via 
box header K2. This means that it is neces- 
sary to fit four jumpers to this header to loop 
through four signals (see also Table 1). 

The presence of K2 also makes it possible 
to process the audio data if desired, for exam- 
ple using a DSP In that case, the data format 
is naturally determined by the settings of the 
receiver (default: format 2, 12S-compatible). 


Soldering 


Well, it’s about time to pick up the soldering 
iron. In order to avoid having to insert a lot of 
wire bridges (one of which is always over- 
looked, guaranteeing that the circuit won't 
work!), a double-sided printed circuit board 
has been developed for this digital audio 
processor. Figure 4 shows the component lay- 
out and the track layouts for both sides. As 
can be seen, the design of the circuit board is 
well organised and compact. Where there is 
sufficient room, the functions of the DIP 
switches are indicated in addition to their 
numbers. Be careful with S1, since here $1-4 
corresponds to MO. The Cinch sockets and 
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Consumer format channel status fields 





Category code 





i 12 
Channel number 





20 2I 
Clock accuracy 
2 2 30 


(Future original sampling frequency?) 








38 39 


Table 2. The content of the channel status block for the consumer format. 


Consumer format channel status field interpretations 





interpretation 
0: consumer; 1: professional format 


0: suitable for conversion to analog 
audio using linear PCM 
1: not suitable 


0: asserted; 1: not asserted 

000: Emphasis not indicated 

100: emphasis—CD-type 

00: mode zero; other values reserved 


The category code depends on the equip- 
ment type. For most codes the MSB of 
the category code carries information 
about generation status of the material 
(refer to SCMS), and is called the L-bit. 
The following are common codes: 

LSB MSB 
CD player 1000 0000 
DAT player 1100 000L 
DCC player 1100 O01L 
Mini disc 1001 001L 


(bil 16 is LSB) 
(bit 20 is LSB) 


0000: 44.1 kHz 
0100: 48 KHz 
1100: 32 kHz 


10: Level I, +50 ppm 
00: Level II, +1000 ppm 
01: Level Ill, variable pitch shifted 


0: Maximum length 20 bits 
1: Maximum length 24 bits 


if bit 32 = 1 if bit 32 = 0 
not indicated not indicated 
24 bits 20 bits 

23 bits 19 bits 

22 bits 18 bits 

21 bils 17 bits 

20 bits 16 bits 





Table 3. Summary explanation of the bits in Table 2. 
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Table 4 


The channel status block after processing by the circuit 
(using the default settings). 


LSB 
Byte 0 0 0 1 INP INP INP 
Byte 1 1 1 0 0 0 0 
Byte 2 0 0 0 0 0 0 
Byte 3 INP INP INP INP 0 0 
Byte 4 INP INP INP INP 0 0 
Bytes 5-23 0 0 0 0 0 0 


MSB 


S OKOT OT 
O O O OT 


and there is actually no reason why it cannot 
be completed in a couple of hours. There are 
not any SMD components or other ‘trouble- 
some’ components on the board, the ICs can 
be simply inserted in sockets and there is no 
need to fit components on the bottom side of 
the board. 

The only thing that might be considered to 
be somewhat difficult is winding the trans- 
former for Tr1. Actually, it’s dead easy. For this 
we use a Ferroxcube (formerly Philips) core, 
type TN13/7,5/5-3E25. The primary winding 
consists of 20 turns and the two secondary 


Table 5 The translation of Table 4 into bit combinations for the EPROM. 


Byte 0 00000011 00000011 00000001 
Byte 1 00000001 00000001 00000011 
Byte 2 00000011 00000011 00000011 
Byte 3 00000000 00000000 00000000 
Byte 4 00000000 00000000 00000000 
Bytes 5-23 00000011 00000011 00010011 


(All C bits starting with the most significant nibble of byte 4 are set 


optical connectors are all located enclosure. 
along one side of the board, which Assembling the circuit board 
simplifies fitting the board into an should hardly present any problems, 


00000000 00000000 00000000 00000011 00000011 
00000011 00000011 00000011 00000011 00000011 
00000011 00000011 00000011 00000011 00000011 
00000000 00000011 00000011 00000011 00000011 
00000000 00000011 00000011 00000011 00000011 
00000011 00000011 00000011 00000011 00000011 


to ‘0’.) 


Dolf rr 


———— 


III A 
=; a 


equssoveees| 


Figure 4. The double-sided printed circuit board is relatively compact and easy to 


assemble. 
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windings consist of two turns each, all using 
0.5-mm (SWG24 or SWG26) enamelled copper 
wire. Space the 20 turns of the primary wind- 
ing neatly around the toroidal core, leaving a 
bit of space in the middle for the two secon- 
daries, which are subsequently wound in 
between. Figure 5 gives a good picture of 
what is intended. 

Once you have fully assembled the circuit 
board and carefully checked it against the 
component layout drawing and components 
list, you can connect a suitable 5-V power 
supply to the two pins marked ‘0’ and ‘+ 5V’. 
Any power supply that can deliver a reason- 
ably well regulated voltage at a current of at 
least 100 mA will be satisfactory. 

Once the power supply has been con- 
nected, it’s a good idea to use a multimeter 
to check whether the desired 5-V voltage is 
in fact present across C5 and C10. If this test 
is successful, there is a good chance that the 
rest of the assembly is also in order. Should 
problems nevertheless arise in use, there 
must be an assembly error, and this can only 
be found by careful inspection of the entire 
circuit board. Unfortunately, no measurement 
points or test voltages can be indicated here, 
since this is a fully digital circuit with the 
exception of the supply lines. However, if the 
board has been assembled with due care, it 
is highly likely that it will work straight away. 

(020091-1) 
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COMPONENTS LIST 


Resistors: 

RI,RI6,RI8 = 75Q 

R2 = 470 

R3,RI3 = 407 

R4,RI0 = 4-way 10kQ SIL array 
R5,RI2 = 10kQ 

R6...R9 = 220 

RII = 8-way 10kQ SIL array 
RI4 = 8kQ2 

RI5,RI7 = 270Q 

RI9 = 4-way 47kQ SIL array 
R20 = 4kQ7 

R21,R22 = 1kQ 


Capacitors: 

C1,C2 = 10nF ceramic, lead pitch 5mm 
C3 = 68nF 

C4 = 100nF ceramic, lead pitch 5mm 
Cl11,C13,CI7-C22 = 100nF ceramic 
C5,C8 = |0uF 63V radial 

C6,C9 = 47nF ceramic, lead pitch 5mm 
C7 = 100uF 25V radial 

C10 = 47uF 25V radial 

C12 = 22uF 40V radial 

C14,CI5 = 47nF 

C16 = 100pF 

C23 = 220uF 25V radial 


Inductors: 
L1,I2,L3 = 47H 


Semiconductors: 

DI-D5 = BAT85 

TI = BSI70 

IC] = CS8412-CP Crystal/Cirrus Logic 
(RS Components) 

IC2 = CS8402A-CP Crystal/Cirrus Logic 
(RS Components) 

IC3 = TORXI73 (Toshiba) 

IC4 = TOTX173 (Toshiba) 

ICS = 74HC74 

IC6 = 74HC590 

IC7 = EPROM 27C256, programmed, 
order code 020091-21 

IC8 = 74HC32 

IC9 = 74HC86 


Miscellaneous: 

JP1,JP2 = 3-way pinheader with jumper 

KI,K3,K4 = cinch (RCA) socket, PCB 
mount (e.g., T-709G from 
Monarch/Monacor) 

K2 = |6-way boxheader with 4 jumpers 

S1,S2,S4 = 4-way DIP-switch 

$3 = 8-way DIP-switch 

Trl = primary 20 turns 0.5 mm ECW, 
secondary 2 x 2 turns on Ferroxcube core 
TN13/7,5/5-3E25 

PCB, order code 020091-1 (see Readers 
Services page) 


PCB layout and EPROM contents also 
available from Free Downloads section at 
www.elektor-electronics.co.uk 
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Figure 5. Transformer Trl can easily be wound on a small toroidal core. 
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